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(57) Abstract 

Sputt^ target, method of manufacture of same and sputter coating piocess using the target as a sputtering source are disclosed Hie 
sputter target comprises an Me/Si multi-^hase, consolidated blend wherein the Si component is present in a very small amount of about 
trace -.99 mole Si: 1 mole Me. Preferably, Me comprises one or more of Ta, Ti, Mo, or W. Hie targets are made from the requisite powders 
via HIP consolidaticxi to provide densities of greater than 98 % of the theoretical density. Hie targets are especially useful in reactive, 
cadiodlc sputtering systems employing N2 as tiie reactive gas to fomi amorphous Me/Si/N laym. 
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RFFR ACTORY METAL SILICIDE ALLOY SPUTTER 
TARGETS. USE AND MANUFACTURE THEREOF 

Related Applications 

S The benefit of prior U.S. provisional applications SN 60/052,533 filed 

July 15, 1997 and SN 60/080,874 filed April 6, 1998 is claimed. 

BackfTQimd of the Invention 
Copper has attracted attention as an interconnect material as a 

1 0 replacement for Al and Al alloys in deep submicron integrated circuits (ICs). The 
major motivating factors for this are copper's lower resistivity, superior 
electromigration and stress migration resistance relative to Al and its alloys. 
However, use of Cu metallization is not without problems. For example, Cu suffers 
fix)m a lack of anisotropic etching ability, oxidation and corrosion problems, and 

1 5 poor adhesion to n:iany dielectric layers. One particularly troublesome problem is the 
difiiision of Cu mto either the Si or SiOj layers. 

In the quest to find suitable diffusion barrier layers for Cu 
mctallizatioiis, amorphous Ti-Si-N, Mo-Si-N, W-Si-N and Ta-Si-N layers have been 
investigated. Among these materials, tantalum based layers presently appear 

20 promismg since they exhibit a relatively high melting temperature and are also 

relatively thermodynamically stable with Cu. Accordingly, significant interest exists 
in the use of Ta-Si-N as an amorphous barrier layer for Cu metallization in 
semiconductors. 

Tantalum silicon alloys and intennetallic compounds are used in PVD 
25 processes to provide the desired Ta/Si layers. Typically Ta/Si targets are sputtered in 
a reactive (e.g. Nj) atmosphere to result in the formation of tiie desured Ta-Si-N 
coating. Tantalum silicide alloys are commonly prepared by blending Ta and Si, 
usually in powder form, reactmg the blend at high temperature under vacuum 
conditions, crushing^ milling, and screening the tantalum silicide powder. These 
30 methods can be used to form known, brittle intennetallic compounds such as TaSij 
or mixtures of such intermetallic compounds with Si. Tantalum silicides having the 
empirical formula TaSiy wherein y<l prepared by such methods are very hard alloys 
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and cannot be milled efficiently into a powder and it is difficult to make high density 
targets with these materials. 

Also, it is difficult to obtain full density with targets composed of 
TajSij and TaSij due to the high melting points of these crystalline compounds (e.g., 
5 2560°C and 2040'*C respectively). 

For most P VD applications, a fine microstructure (or small grain size 
of the target material) and full density targets are required. As stated above, Ta/Si 
alloys with a very low content (0-1 0 wt%) of Si are difficult to manu&cture. 
However, it is desirable to make targets fit)m such alloys to inhibit silicide formation 
10 during sputtering and so that amorphous Ta/Si/N layers can be deposited via sputter 
coating to provide the necessary diffusion barrier layers in Cu and other metallization 
semiconductor cm:uits. 

Accordingly, there is a need in the art to provide for high density TaSi 
sputter targets wherein the Si is present in a very low (less than or equal to about 1 0 
15 wt%) amount 

Summary of the Invention 
Low Si content Me/Si targets (Me = refiactory metal such as Ta, W, 
and/or Mo and combinations thereof) are provided. Preferably, the Si component is 
20 present in an amount of less tiian 10 wt%. 

This method uses high purity Me and Si (e.g., Ta and Si) in form of 
powders formulated to the desirable composition. The Si can be present as an 
elemental powder or in the form of a metallic silicide. Preferably, this method 
consists of blending Me and Si (e.g., Ta and Si), loading them into a HIP can, 
25 evacuating the HEP can, and subjecting the powders to HEP conditions. Prefembly, 
this blend includes any desirable amount of Me and Si (e.g., Ta and Silicon) and is 
HIPed to form a solid blank of Me-Si (Ta-Si) alloy. 

Sputtca: targets used for this process are those comprised of Ta Siojc 
wherein X is fix>m trace to about 99, preferably trace to 6, more preferably 1-6, with 
30 present data suggestmg that about 3 -6 is most preferred Targets under specific 
investigation that have proven beneficial are: 
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TaSio, 
TaSio.4 
TaSio.6 

Preferably the targets are made from the powders, preferably -80 to 
5 -240 mesh, most preferably about -100 to -200 mesh. In some instances it will be 
necessary to ball mill the powder. The particles are blended together and then HIPed 
so as to obtain preferably greater than about 98% theoretical density, more preferably 
greater than about 99% dieoretical density, most preferably about 99.5% theoretical 
density. HIPing is generally conducted at about 20,000-40,000 psi at temperatures 
1 0 of about 1 lOO-lSSO^'C for about 1-4 hours. 

After HIPing, the targets can be shaped into the final needed target 
shape such as rectangular flat panels, circular targets, conical targets etc. via light 
machining or the like. The targets have shown promise in reactive sputtering 
systems and applications wherein is the reactive gas. 
15 In addition to Ta/Si targets, other transition metals may be substituted 

for the Ta. A listing of such other metals includes W, Mo, and Ti. 

Accordingly the following targets may be made via the inventive 

methods 

Me Sio.x 

20 v^erein Me is a transition metal, preferably taken from the gjxmps IVb, Vb, and Vib 
of the Periodic Table of Elements (CAS Version), mote preferably Ta, W, Mo, Ti, 
most preferably Ta. X in the above formula may be from about trace - 99, trace - 6, 
preferably 1-6 and most preferably 3-6. 

The prior art mentions Ta5Si3 targets and their use to sputter improved 

25 diffusion barrier layers. However, it is thought that this composition comprises 

intermetallic compound Ta^^iy In contrast, targets in accordance with the invention 
are multi-phase. 

The targets of the invmtion are used in conventional sputter coating 
equipment, preferably witliN2 used as tiie reactive gas, thereby sputter coating the 
30 desired substrate with a layer of amorphous Me-Si-N. 
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F,xaq]ptes 

Example 1 -TaSL. 

Ta powder -100 mesh and Si powder -100 mesh were blended to the 
composition Ta-1 .53wt%Si, placed into a HIP can protected with alumina plasma 
5 coat and BN inside, evacuated and HIPed at 30,000 psi and 1200C for 3 hours. The 
density of this material was 93.5%. 

Example 2 -TaSi.^ 

Ta powder - 1 00 mesh and TaSi2 powder -200 mesh were blended to 
the composition Ta-8.52wt%Si, placed into a HIP can protected with alumina plasma 
10 coat and BN inside, evacuated and HIPed at 30,000 psi and 1200C for 3 hours. The 
density of this material was 99.5%. 
gxa^iple 3-$ 

In this study, TaSio.i, TaSio.4 and TaSio^ targets were made and used 
for reactive sputtering at various Nj/Ar ratios. 

15 Tantalum silicide TaSiojc samples were fabricated by two methods. 

The TaSiojc first involved blending of Ta powder (-100 mesh, 3N5) and silicon 
powder (-200 mesh, 5N) and then hot isostatically pressing (HIP) the mixture at 
1 179-1310*^0 at 107-214 MPa for 10.8-14.4 ksec. The second process involved 
blending Ta powder with TaSi2 powder and then HIPing the mixture as indicated 

20 above. The third procedure used HIP of powdered TasSij intemietallic compound (- 
100 mesh, 3N7). Targetsof 3" and 12" were used for sputtering experiments. Ta-Si- 
N amorphous films of about 500 nm thickness were deposited onto (100) Si 
substrates by using dc magnetron sputtering at various Nj/Ar gas ratios. During 
deposition, the operating pressure was maintained at 10 mToir. 

25 The reaction between the Ta metal and Si or Ta and TaSij that 

occurred in the HIP can resulted in the formation of a number of phases . XRD study 
of the phase composition of TaSio.4 and TaSi©^ samples showed presence of a Ta (Si) 
solid solution with increased lattice parameter of Ta (fix)m 0.3306 imi to 0.3320 nm) 
and intermetallic compounds TasSis, TaSij and possibly a less idmtified phase of 

30 TaSio.(. Both of these methods resulted in a similar multi-phase composition; 
however the Ta-TaSi2 blend resulted in better density after HIPing. 
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At higher concentrations during reactive sputtering, the films 
started to form tantalum nitride compounds. All films obtained during reactive 
sputtering of TaSio.4 and TaSio.5 targets were amorphous. Specific compositions of 
the films are shown in the following table 1 . 

Table 1 . Fihn composition deposited by reactive sputtering of TaSix targets 



Target 
Composition 


10% N2 


15%N2 


50% N2 


Ta 


Si 


N 


Ta 


Si 


N 


Ta 


Si 


N 


TaSio.1 


48 


3 


47 














TaSio.4 








38 


19 


43 








TaSioe 


42 


20 


37 


29 


24 


47 


19 


23 


58 



Ta/Si/N given in weight %. 

Results indicated that the amount of in the sputtering gas can be 

used to change the resistivity of the amorphous Ta-Si-N films to desired values. 

With increasing amounts of N2 in the sputtering gas, the resistivity of the film 
1 S increased. Also, preliminary results indicate that undesirable particulate emission is 

minimized with increasing density and refined microstmcture of the target material. 

Based on currently available data, the optimal concentration for Ta/Si targets is 

TaSiax wherein X is about 3- about 6. 

In addition to use of fhe targets and methods of the invention to form 
20 amorphous barrier layers in semiconductor fabrication, targets in accordance with the 

invention may be used to form Ta layers on x-ray masks and the like for example in 

conjunction with submicron x-ray lithography. 

Although this invention has been described in coimection with 

specific forms thereof it will be readily apparent that a wide variety of equivaloits 
25 may be substituted for those specific forms and steps of operation shown and 

desaibed herein, all without dq}arting fix>m the spirit and scope of this invention as 

defined in the appended claims. 
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1 . Method of making a sputter target comprising: 

a) selecting a Me powder fi:om the group consisting of metals of 
gropus rVb, Vb, and Vlb of the periodic table of elements; 

b) selecting a Si powder, and blending it with said Me powder so 
5 that said Me powder and said Si powder has a molar rado of 

Si:Me of about trace - about .99 to 1; 

c) subjecting said blend of Me powder and Si powder to hot 
isostatic pressure conditions to consolidate said blend to greater 
than about 98% of the theoretical density of said blend; and 

10 d) forming said consolidated blend into a desired target shape. 



2. Method as recited in claim 1 i^erein Me is selected from the group 
consisting of Ta, Ti, Mo and W. 

3. Method as recited in claim 1 wherein said Me and Si powders are both 
between about -80 mesh to -240 mesh. 



4. Method as recited in claim 1 wherein said blend is consolidated to 
greater than about 99% of its theoretical density. 

5. Method as recited in claim 4 wherem said blend is consolidated to 
greater than about 99.5% of its theoretical density. 

6. Method as recited in claim 3 wherein said Me and Si powders are both 
between about -1 00 to -200 mesh. 

7. Method as recited in claim 1 wherein Me powder and Si powder have 
amoiarratioofSi:Meofabout0.1 -about 0.6 to I. 



8. 

about 0.3 



Method as recited in claim 7 whereui said molar ratio of Si:Me is 
-about 0.6 to 1. 
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9. Method as recited in claim 1 wherein said hot isostatic pressure 
conditions include a temperature of about 1 100-13S0°C and a pressure of about 
20,000-40,000 psi. 

10. Method of making a sputter target having the formula TaSiojc wherein 
X is about trace to about 99, said method comprising: 

a) blending Ta powder and a Si powder in a ratio so as to form a 
blend of TaSiax; 

5 b) subjecting said blend to hot isostatic pressure conditions to 

consolidate said blend to greater than about 98% of its theoretical 
density; and 

c) fonning said consolidated blend into a desired target shape. 

1 1 . Method as recited in claim 10 wherein said step (a) comprises 
blending said Ta powder and said Si powder to form a blend of TaSio>o.6- 

12. Method as recited in claim 1 1 wherein said Ta and Si powders are 
both between about -100 to -200 mesh, said blend being consolidated by said hot 
isostatic pressure conditions to greater than about 99% of its theoretical density, and 
said hot isostatic pressure conditions mcluding a temperature of about 1 100-13S0^C, 

S and a pressure of about 20,000-40,000 psi. 

13. Method as recited in claim 12 \i^erein said blrad has the formula 
TaSio.4. 

14. Method as recited in claim 12 wherein said blend has the formula 
TaSio^. 



15. 

TaSio.1. 



Method as recited in claim 12 wherein said blend has the formula 
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16. Sputter target comprising a consolidated, multi-phase blend of 
MeSiojc wherein X = about 1 to about 99 and wherein Me is selected from the group 
consisting of groups IVb, Vb, and Vlb at the periodic table of elements, said blend 
being substantially devoid of significant amoimt of intermetallic compoimds, said 

5 blend having a density of about 98% or greater of its theoretical density. 

1 7. Sputter target as recited in claim 1 6 wherein Me is chosen from Ta, 
Ti,Mo,andW. 

18. Sputt^ target as recited in claim 17 wherein Me is Ta and x = about 1 
- about 6. 

1 9. Sputter target as recited in claim 1 8 wherein X is about 3 to about 6. 

20. Sputter target as recited in claim 1 8 wherein X is about 4. 

2 1 . Sputter target as recited in claim 1 8 wherein X is about 6. 

22. A method of forming an amorphous Me/Si/N layer on a desired 
substrate wherein Me is chosen from the group consisting of elements taken from 
groiq[>s rVb, Vb, and Vlb of the periodic table of elements, said method coinprising: 

a) providing a sputter target comprising a consolidated, multi-phase 
5 blend of MeSio^c wherein X is about 1 - about 99, said blend 

having a density of about 98% or greater of its theoretical 
density; 

b) providing a substrate; 

c) subjecting said substrate and said target to sputtering conditions 
10 and sputter coating said substrate with material fix)m said target 

in the presence of N2 as areactive gas to provide athin layer of 
said Me/Si/N thereon. 
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23. A method as recited in claim 22 wherein Me is a member selected 
firom the group consisting of Ta, Ti, Mo and W. 

24. A method as recited in claim 23 wherein Me is Ta and wherein x is 
about 1 - about 6. 

25. A method as recited in claim 24 wherein x is about 3 - about 6. 

26. A method as recited in claim 24 wherein said substrate comprises a 
copper metallized semiconductor chip. 

27. A method as recited in claim 24 wherein said substrate comprises an 
x-ray mask. 
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